procedures for retinopathy were lower among beneficiaries in the 1999 cohort than in the 1994 cohort, and rates of glucose, lipid, and cholesterol monitoring were higher. In addition, hypertension was diagnosed more frequently among the 1999 cohort during 6 years. Data from the Medicare Current Beneficiary Survey showed higher rates of antihypertensive drug use among persons diagnosed with diabetes in 1999 compared with 1994.
Conclusions: Decreases in rates of diabetic retinopathy among persons newly diagnosed with diabetes enrolled in Medicare from 1994 to 2004 and concurrent improvements in primary care for diabetes suggest that better primary care has had an effect on the Medicare population, despite increasing rates of other adverse outcomes.
Arch Ophthalmol. 2008; 126(11) : [1548] [1549] [1550] [1551] [1552] [1553] L IMITED EVIDENCE IS AVAILable on longitudinal changes in rates of diabetic retinopathy (DR) among persons with type 2 diabetes mellitus. 1, 2 There is reason to expect some improvement in eye-related outcomes of diabetes since 1990. Studies [3] [4] [5] [6] [7] [8] [9] have demonstrated the importance of glucose control and hypertension management in reducing adverse outcomes of diabetes mellitus. Results of important randomized controlled trials, such as the United Kingdom Prospective Diabetes Study, the Diabetes Control and Complications Trial, and the Appropriate Blood Pressure Control in Diabetes Trial, indicate better glycemic and hypertension control result in reduced rates in the development of diabetic eye disease, particularly DR. [9] [10] [11] [12] [13] [14] Clinical experience suggests primary care for persons with diabetes has improved after the dissemination of these findings. 15 Indeed, rates of glucose control monitoring in the Medicare population improved during the 1990s. 16 This study used claims data from Medicare to assess change in longitudinal rates of diabetes-related eye disease in beneficiaries first diagnosed with diabetes in 1994, 1999, and 2003 . We conducted further analyses with data from this sample and the Medicare Current Beneficiary Survey (MCBS) to assess change in rates of surgical treatment for diabetes-related eye disease and glucose monitoring and hypertension management among persons diagnosed with diabetes and hypertension during the same period. dialysis equipment. Other Medicare administrative data provided information on demographic characteristics and dates of death. Data were linked by a unique identifier, permitting construction of longitudinal, person-specific data.
METHODS

DATA COLLECTION
Supplemental data from the 1994 and 1999 MCBS were used to provide drug use information for Medicare beneficiaries unavailable in the claims data. The MCBS is a rotating panel of current Medicare beneficiaries that comprises claims data in addition to self-reported information, including prescription drug use. Participants remain in the MCBS for 4 years. Reinterview of the same participants allows researchers to track changes in consumption of health care services and in the health of individual participants for several years. Medicare claims data on the same individuals are available for the time period during which interview data are available. Participants were encouraged to bring the drugs to the MCBS interview to allow interviewers to verify self-reports of drug use.
SAMPLE SELECTION
Individuals were classified as being diagnosed with diabetes based on having at least 2 Medicare Part B claims or at least 1 inpatient claim with a diabetes diagnosis code (ICD-9-CM code 250.xx). We selected 3 distinct cohorts of persons newly diagnosed with diabetes in 1994, 1999, and 2003. We searched all claims from 1991 through the cohort year to construct cohorts for 1994, 1999, and 2003. We eliminated all individuals with a diabetes diagnosis before the cohort year. We then limited each of the cohort samples to persons 65 years and older for at least 6 months before the person's first diabetes diagnosis and younger than 96 years as of December 31 of the cohort year. We also excluded individuals who did not survive through July 1 of the cohort year and those who were enrolled for more than 6 months of the base year in a Medicare risk plan (health maintenance organization). Our final samples were 33 164 for the 1994, 31 722 for the 1999, and 40 058 for the 2003 diabetes cohort. By construction, there was no overlap of individuals among these 3 cohorts.
ANALYTIC METHODS
Using data from the Medicare 5% samples, individuals in the 1994 and 1999 diabetes cohorts were followed up from entry into a cohort through December 31, 1999, and December 31, 2004, respectively. The 2003 cohort was followed up from the date of first diagnosis in 2003 through December 31, 2003. Rates of key diabetes-related eye diseases, including DR in general, background DR (BDR), proliferative DR (PDR), macular edema, rubeosis iridis (new blood vessels on the iris), and vitreous hemorrhage were calculated using established coding algorithms. 16 For comparison, rates of cardiovascular, cerebrovascular, renal, and lower extremity adverse outcomes of diabetes were also assessed.
Persons in the 1994 and 1999 cohorts with any diabetesrelated eye disease were placed into 3 groups: persons with any diabetes-related eye disease and 2 mutually exclusive subgroups, persons with BDR and persons with PDR. Persons who transitioned from BDR to PDR were placed in the PDR group. Rates of surgical interventions within these diagnostic categories were ascertained to investigate whether rates of more severe manifestations of disease may have decreased from more aggressive surgical treatment of less severe manifestations of disease, with type of surgery varying by disease ( Table 1 ).The same procedures were used for BDR and other diabetes-related eye diseases. A different set of procedures was used for PDR.
To examine whether observed differences in longitudinal rates of diabetes-related eye disease reflected patterns in primary care for diabetes, rates of hypertension, visits to optom- etrists and ophthalmologists, diabetes monitoring procedures, 16 and claims for glucose monitoring devices were calculated. Codes for diagnoses, procedures, durable medical equipment, and physician specialty are listed in Table 1 .
Diabetes-related eye diseases were considered incident on the date the diagnosis was entered on a claim and remained prevalent until death or through December 31 of a cohort's final study year. First-year incidence rates were calculated from enrollment in the cohort to December 31 of the same year. Six-year prevalence rates were calculated from enrollment in cohorts through year 6 in persons still alive. Sixyear cumulative incidence similarly reflected the total number of individuals in the cohort who were ever diagnosed with a given adverse outcome from enrollment in the cohort through year 6 but also included persons who died during follow-up but were recorded as having the diagnosis before death.
Diagnosed diabetes was identified in the MCBS sample using the same algorithm applied to the Medicare 5% claims data, although no attempt was made to limit this sample to new diagnoses since the beneficiaries were only included for 4 years and Medicare claims data were only available during the time the beneficiaries participated in the MCBS. Rates of use of antihypertensive drugs 18 were then calculated separately for persons diagnosed with diabetes and hypertension in the MCBS in 1994 and 1999. We calculated rates for individuals who reported taking at least 1 medication of any type at the time of their interview, 1192 of 2006 participants with a diagnosis of diabetes and hypertension in 1994, and 1462 of 2154 in 1999. We excluded individuals with no recorded medication use because such individuals may not have reported medication use to the MCBS.
RESULTS
The number of persons newly diagnosed with diabetes increased substantially from 1994 to 2003 ( Table 2) . Rates of diabetes-related eye disease in the year after diagnosis of diabetes decreased from 51 cases per 1000 persons in 1994 to 45 cases per 1000 persons in 1999 (PϽ.001) ( Table 3) . Although not a large decrease, the opposite pattern was observed for other diabetesrelated adverse outcomes ( Table 4 ). Rates of renal adverse outcomes nearly doubled (PϽ.001), whereas rates of cerebrovascular and lower extremity adverse outcomes also increased substantially (PϽ.001). For the 2003 cohort, rates of cardiovascular adverse outcomes in the year after diagnosis of diabetes did not significantly differ from those for 1994. At 6 years of follow-up, changes were more pronounced; whereas 6-year cumulative incidence of diabetesrelated eye disease was 13 persons per 1000 lower in the 1999 cohort relative to the 1994 cohort (P Ͻ.001), rates of all other adverse outcome categories ranged from 24 to 83 persons per 1000 higher in the 1999 cohort (PϽ.001). Decreases in rates of diabetes-related eye disease reflected falling rates of BDR and PDR. No change was seen in rates of rubeosis iridis or vitreous hemorrhage; rates of macular edema decreased slightly.
Many potential reasons exist for changes in the rates of DR. These reasons include the following: (1) more aggressive surgical treatment involving patients with a BDR diagnosis to prevent occurrence of PDR, (2) improved rates of adherence to guidelines for diabetes monitoring and thus better glycemic control and lower rates of vascular complications, and (3) higher rates of use of antihypertensive drugs and thus presumably better blood pressure control.
First, similar to the decrease among beneficiaries diagnosed with any diabetes-related eye disease (from 201 per 1000 persons in 1994 to 138 per 1000 persons in 1999; PϽ.001), in the subgroup diagnosed with BDR, there was a decrease from 259 per 1000 persons with surgical interventions in the 1994 cohort to a rate of 179 per 1000 for the 1999 cohort during the 6 years of follow-up (PϽ.001). A decrease occurred in the rates of surgery for those diagnosed with PDR (from 525 per 1000 persons in 1994 to 469 per 1000 persons in 1999; P =.03).
Second, significant improvements were seen in the 6-year cumulative incidence of diabetes monitoring in the 1999 cohort compared with the 1994 cohort, although rates remained low ( Table 5 ). Although those in the 1999 cohort were only slightly more likely to receive at least 1 of a battery of diabetes management screens (P=.004) than were their 1994 counterparts, there was a 16% increase in the proportion of beneficiaries with a claim for a hemoglobin A 1c test during 6 years of follow-up (PϽ.001). Also, the rate of claims for glucose monitors during 6 years of follow-up nearly doubled (PϽ.001) from the 1994 to the 1999 cohort, although less than 20% of beneficiaries diagnosed with diabetes in 1999 had claims for monitors through 2005. Small but statistically significant increases were seen between the 1994 and 1999 cohorts in the proportion of beneficiaries with at least 1 claim by both ophthalmologists and optometrists.
Third, hypertension was diagnosed much more frequently in the 1999 than in the 1994 cohort (6-year incidence: 690 vs 599 per 1000 persons; P Ͻ.001; data not shown). Medical management of hypertension also became more aggressive over time. In the MCBS, 858 persons per 1000 beneficiaries diagnosed with diabetes and hypertension reported taking at least 1 antihypertensive medication in 1999, an increase from 803 per 1000 in 1994 (PϽ.001). Rates were higher in both years among those with a diabetes-related eye disease diagnosis but still higher in 1999 (872 per 1000 persons) than in 1994 (865 per 1000). Persons diagnosed with BDR or PDR did not experience a statistically significant change (875 in 1994 and 878 in 1999 for BDR and 880 in 1994 and 860 in 1999 for PDR), although few persons in the MCBS had such a diagnosis, limiting statistical power.
COMMENT
Between 1994 and 2005, rates of diabetic retinopathy decreased among Medicare beneficiaries newly diagnosed with diabetes, both in the first year after diagnosis and during the 6 years of follow-up. By contrast, rates of other adverse outcomes increased. We cannot fully explain these contrasting trends. However, we did investigate several factors that might have contributed to the decreases in rates of DR in general and PDR in particular. Initially, we speculated that lower rates might have been the product of more aggressive surgical therapy. However, rates of surgical therapy actually decreased during the study period.
We then examined the possibility of improved monitoring among patients diagnosed with diabetes, which would be consistent with lower rates of PDR onset. First, eye care use rates increased during the study period. Second, glucose monitoring increased substantially in claims for tests and home monitoring devices. These results extend previous findings of improved glucose monitoring during the 1990s. 16, 19, 20 Rates of diagnosis and treatment of hypertension among Medicare beneficiaries diagnosed with diabetes increased. By addressing the key underlying causes of vascular complications of diabetes and the monitoring of eye disease, these improved care patterns may indeed be linked to lower rates of retinopathy.
The discrepancy between diabetes-related eye disease and other diabetes-related complications may also reflect differential changes in rates of monitoring for some other complications, especially lower extremity monitoring, 21 which were much lower than eye assessments in the early 1990s and thus increased much more than eye assessments. As such, the discrepancy may be a function of better ascertainment of complications other than for the eye.
A final potential reason is greater diagnostic sensitivity in other disease areas, such as renal insufficiency. Changes in awareness may have led to lower thresholds for diagnosis, particularly when paired with new evidence suggesting effective treatment for such conditions can prevent later morbidity and mortality (as with angiotensin-converting enzyme inhibitors for renal insufficiency). Brown et al 22 reported rates of DR specific to the duration of diabetes and made the connection to improved primary care. The investigators derived diabetes durationspecific rates of DR from medical records of 6993 persons with type 2 diabetes enrolled in the Kaiser Permanente Northwest (KPNW) health maintenance organization in 1997-1998. Of those who underwent a retinal examination at 1 year after diagnosis, 2.63%, 0.45%, and 0.74% were diagnosed with BDR, macular edema, and PDR, respectively. These rates are comparable to those we report. At 6 years of follow-up, rates of BDR, macular edema, and PDR were 13.25%, 1.31%, and 0.93%, respectively. Rates for BDR are comparable to those reported herein; however, rates of macular edema and PDR are nearly half those reported in this study. The mean age in the KPNW sample with diabetes (58.8) was 15 years younger than in our sample. Moreover, differences between claims data and medical records and between our nationally representative sample and the region-and insurance-specific KPNW sample may explain the lower rates observed for PDR and macular edema in the study by Brown et al. Because all persons in the KPNW sample were identified in 1997-1998, the 1-and 6-year rates were computed for populations diagnosed with diabetes at different times (1996-1997 and 1991-1992, respectively ).
Brown and colleagues characterized their findings as an improvement over rates reported in the Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR) 23 20 years earlier for BDR but not for PDR. They argued this improvement, at least partly, was due to superior management of diabetes in the KPNW to the WESDR population. There are a number of concerns with comparing these 2 studies, including differences in sample composition and diagnostic sensitivity, but it suggests improvement from the late 1970s to the late 1990s in onset of DR among persons diagnosed with diabetes. Results reported in our study partly reinforce and extend the finding of Brown et al of improved eye-related outcomes for persons diagnosed with diabetes into the 21st century in a nationally representative sample of older adults. Furthermore, by tracking rates of eye care, glucose monitoring, and hypertension management among Medicare beneficiaries diagnosed with diabetes, we provide evidence of improvements in primary care for diabetes among the population experiencing decreasing rates of DR.
Our study has several important strengths. First, it used longitudinal data from a large, nationally representative sample of older Americans to assess rates of disease and treatment. Second, longitudinal follow-up of 2 large cohorts of persons newly diagnosed with diabetes in a single database permit monitoring changes in health status more reliably than is possible with cross-sectional data or crossstudy comparisons. Third, by including drug use data from the MCBS, also a nationally representative sample of the Medicare population, we could more closely track treatment of hypertension than is possible using claims data alone.
We acknowledge several study limitations. First, the introduction of new criteria for diagnosing diabetes in 1997 lowered the threshold fasting glucose level for di-agnosis, 24, 25 resulting in diagnosis of diabetes at an earlier stage in the disease process. 26 Thus, beneficiaries in the 1999 and 2003 diabetes cohorts may have had their conditions diagnosed earlier in the disease process than in the 1994 cohort. Because the risk of retinopathy increases with duration of diabetes, 23 some of the reduction in rates observed in this study may have reflected earlier ascertainment of diabetes rather than reduced incidence and progression of DR.
Second, diagnoses of diabetes and adverse outcomes were based on diagnosis and procedure codes from Medicare claims data designed for administrative rather than research purposes. Medicare claims data are highly specific in identifying diabetes and its adverse outcomes, but such data are insensitive, that is, often fail to capture diabetes when it is present. Having data from multiple years is helpful for improving sensitivity. 27 In addition, our claims data-derived DR rates among persons newly diagnosed with diabetes are comparable to clinical findings reported from the Diabetes Prevention Program, 28 which identified individuals with fasting plasma glucose levels just below American Diabetes Associationdefined thresholds between 1996 and 1999, and monitored fasting plasma glucose levels at 6-month intervals to track the development of diabetes. At a mean follow-up of 5.6 years, prevalence of DR was assessed with fundus photography. Of those persons who had developed diabetes, prevalence of DR was 12.6%, which was comparable to 6-year rates for the 1994 and 1999 cohorts in our study.
Third, study outcomes can be ascertained only if patients see a physician. Failure to visit physicians at recommended intervals may lead to an underestimate of the rates of adverse outcomes. Low rates of adherence to diabetes guidelines have been documented. 20, [29] [30] [31] Fourth, although a 6-year follow-up after the initial diagnosis of diabetes represents an improvement over most prior epidemiologic studies, a longer follow-up may have revealed different trends.
Finally, we excluded enrollees in Medicare risk plans. On average, enrollees in such plans tend to be healthier than those who remain in Medicare fee-for-service plans. 32 Although the second limitation may lead to an understatement of the true rates of diabetes and its adverse effects, the final limitation goes in the other direction.
In conclusion, rates of DR are decreasing among the US elderly persons, whereas indicators of primary care for diabetes, specifically improved use of eye care, monitoring of glucose levels and blood pressure, and treatment of hypertension, appear to be improving. Yet rates of other adverse outcomes related to diabetes have increased. Some evidence suggests DR may be especially sensitive to the control of glucose levels and blood pressure. 4, 9 Thus, rates of diabetes-related eye disease may serve as an early indicator for improvements in primary care for diabetes. Further research is required to verify a link between improved primary care for diabetes in the Medicare population and reduced rates of specific adverse outcomes and to determine whether gains observed for DR will eventually be seen for other adverse outcomes related to diabetes.
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